Abstract. The presence of glioma stromal mesenchymal stem-like cells (GS-MSLCs) in tumors from glioma patients has been previously reported. The mechanisms through which these cells function as a part of the glioma microenvironment, however, remain incompletely understood. We investigated the biological effects of GS-MSLCs on glioma cancer stem cells (gCSCs), testing the hypothesis that GS-MSLCs alter the biological characteristics of gCSCs. GS-MSLCs and gCSCs were isolated from different glioblastoma (GBM) specimens obtained from patients. In in vitro experiments, gCSCs were cultured alone or co-cultured with GS-MSLCs, and gCSCs cell counts were compared between the two groups. In addition, two groups of orthotopic GBM xenografts in mice were created, one using gCSCs from the monoculture group and one using gCSCs isolated from the co-culture group, and tumor volume and survival were analyzed. Furthermore, in vivo proliferation, apoptosis and vessel formation were examined using immunohistochemical analyses. In vitro cell counts for gCSCs co-cultured with GS-MSLCs increased 3-fold compared to gCSCs cultured alone. In orthotopic xenograft experiments, mice injected with gCSCs isolated from the co-culture group had significantly larger tumor volume, measured on day 40 after injection, and their survival times were shorter. Immunohistochemical analysis showed increased tumor expression of CD31, indicative of enhanced microvessel formation in mice injected with gCSCs co-cultured with GS-MSLCs compared to mice injected with gCSCs cultured alone. However, proliferation (PCNA) and apoptosis (TUNEL) markers showed no significant difference between the two groups. In conclusion, GS-MSLCs may influence the biological properties of gCSCs, shifting them towards a more aggressive status; moreover, increased angiogenesis may be a critical component of this mechanism.
Introduction
The influence of the cancer microenvironment on the behavior of tumors has received considerable attention since Poste and Fidler (1,2) re-illuminated 'seed and soil' hypothesis, first postulated by the British surgeon Paget (3) . The cancer microenvironment, which consists of variety of cell types, the extracellular matrix and signaling molecules, significantly affects the initiation, progression and metastasis of cancers (4, 5) . Among these components of the tumor microenvironment, mesenchymal stem cells (MSCs) or mesenchymal stem-like cells (MSLCs) have been focus of particular research interest.
With accumulating evidence suggesting a strong association between MSCs and various tumors, including breast cancer (6, 7) , lipoma (8) , gastric cancer (9) and bone sarcomas (10) , the veiled relationship between MSCs and tumors has started to come into focus. Tumors of the human brain are no exception. Lang et al first described that cells which adhere and grow on plastic; differentiate into osteocytes, adipocytes and chondrocytes; and express the appropriate MSC surface markers isolated from surgical glioma specimens [ Moreover, a series of studies reported the isolation of cells resembling MSCs from normal mouse brain (11) , glioma xenograft specimens (12) and Korean glioma specimens (13) . These cells, referred to as MSLCs, do not completely meet all the MSC-defining criteria proposed by the International Society for Cellular Therapy (14) . However, notwithstanding their glioma origin, they have properties similar to those of MSCs, such as adherence to plastic, expression of surface antigens characteristic of MSCs, mesenchymal differentiation potential and a lack of gliomagenesis potential.
Given that MSCs in the tumor microenvironment play a critical role in determining the biological behavior of the tumor (15) , the fact that MSLCs are present in glioma specimens and share characteristics of MSCs suggests that these cells also likely make an important contribution to the tumor microenvironment. Hossain et al recently presented that tumor-associated mesenchymal stromal cells in glioblastomas (GBMs) enhance the tumorigenic and proliferative properties of glioma cancer stem cells (gCSCs) through the interleukin (IL)-6/STAT3 (signal transducer and activator of transcription 3) pathway [Society for Neuro-Oncology annual meeting, Neuro Oncol 13 (Suppl 3): abs. iii19, 2011]. Moreover, changes in the microenvironment have been clearly shown to affect the biological characteristics of gCSCs (16) . The exact functions of MSCs and MSLCs, however, are a matter of controversy.
In this study, we investigated the possible role of MSLCs in GBM by examining how glioma stroma mesenchymal stem-like cells (GS-MSLCs) obtained from Korean glioma specimens affect gCSCs, which are thought to be the major cells responsible for the initiation, maintenance, and progression of glioma (17) (18) (19) (20) (21) (22) . We hypothesized that GS-MSLCs favor tumor growth by altering the biological nature of gCSCs. To verify this, we transfected gCSCs with green fluorescent protein (GFP) and cultured them alone or together with GS-MSLCs. After 3 weeks in culture, we compared the numbers of GFP-emitting gCSCs (GFP-gCSCs) obtained from the two culture groups. Finally, we prepared orthotopic xenograft mouse models using GFP-gCSCs cultured alone and GFP-gCSCs isolated from GS-MSLCs co-cultures, and then compared survival, tumor volume, tumor cell proliferation and apoptosis, and microvessel density between the two groups.
Materials and methods

Isolation and culture of human gCSCs and GS-MSLCs.
Specimens for isolation of gCSCs were collected in the operating room from GBM patients undergoing surgery. Approval for harvest and use was obtained from the institutional review boards of Severance Hospital, Yonsei University College of Medicine (4-2012-0212) , and Seoul St. Mary's Hospital, the Catholic University of Korea College of Medicine (KC10SNS10466). Informed consent was provided according to the Declaration of Helsinki. Neuropathologists diagnosed each surgical specimen according to world health organization (WHO) classifications (23) . gCSCs were isolated from GBM specimens within one hour of glioma removal using a previously described mechanical dissociation method for isolating gCSCs from human brain (19, 22, 24) . Briefly, surgical specimens were minced and dissociated with a scalpel in Dulbecco's modified Eagle's medium/Nutrient Mixture F-12 (DMEM/F-12; Mediatech, Manassas, VA, USA) and then passed through a series of 100-μm nylon mesh cell strainers (BD Falcon, Franklin Lakes, NJ, USA). Cell suspensions were washed twice in DMEM/F-12 and cultured in gCSC complete medium (DMEM/F-12) containing 1X B27 (Invitrogen, San Diego, CA, USA) plus 20 ng/ml basic fibroblast growth factor (bFGF; Sigma, St. Louis, MO, USA), 20 ng/ml epidermal growth factor (EGF; Sigma), and 50 U/ml penicillin/50 mg/ml streptomycin (Gibco, Invitrogen Korea, Seoul, Korea). One type of gCSC (gCSC0504) from GBM was used for this study (22) .
Methods shown to be reliable for isolating MSLCs from normal brain (11) , orthotopic glioma xenografts (12) and Korean glioma specimens (13) were used for isolation of GS-MSLCs from GBM specimens. Cells were isolated within one hour of glioma removal using the mechanical dissociation method described above for gCSCs. Cell suspensions were washed twice in minimal essential medium-α (MEMα; Mediatech, Herndon, VA, USA), placed in a 10-cm 2 cell culture dish at a density of 2ⅹ10 6 cells/cm 2 , and cultured in complete MSC medium consisting of MEMα (Mediatech), 10% fetal bovine serum (FBS; Lonza, Basel, Switzerland), 2 mM L-glutamine (Mediatech) and antibiotic-antimycotic solution (Gibco, Invitrogen Korea, Seoul, Korea). After 24 h, non-adherent cells were removed by washing twice with phosphate-buffered saline (PBS; Mediatech) and the adherent cells were cultured until they reached confluence. Cells were then trypsinized (0.25% trypsin with 0.1% EDTA) and subcultured at a density of 5,000 cells/cm 2 . Cells were cultured continuously through three passages, consistent with their status as progenitor/stem cells. Cell morphology was examined by observing cell cultured with inverted phase-contrast microscope (IX71 Inverted Microscope; Olympus, Tokyo, Japan). One type of GS-MSLCs (KGS-MSC0503) form GBM was used for this study (13) .
Lentiviral vector transduction and expression. GFP-gCSCs for cell counting were generated by growing gCSCs in complete medium and then applying GFP-expressing lentiviral supernatants. Polybrene (Sigma) was added to a final concentration of 8 µg/ml and incubated with cells for 18 h. After infection, the cells were placed in fresh growth medium and cultured in a standad manner. Cells were treated with 1 mg/ml puromycin (Life Technologies Korea, Seoul, Korea) to eliminate uninfected cells and generated stable GFP-gCSC. GFP-expressing gCSCs were isolated for use in further experiments.
Sorting and counting of GFP-gCSCs. Increase in cell numbers was evaluated in GFP-gCSCs cultured alone or together with GS-MSLCs for 3 weeks. For the GFP-gCSCs monoculture group, complete MSC medium (without GS-MSLCs) was incubated for 24 h (Fig. 1A) , after which the medium was removed, plates were washed three times with PBS, and fresh gCSCs complete medium containing 1.25ⅹ10 5 GFP-gCSCs was added (Fig. 1B) . The medium was replaced with fresh gCSCs complete medium every 3 days. After 3 weeks, gliomasphere formation by GFP-gCSCs was evident (Fig. 1C) . For the GFP-gCSCs/GS-MSLC co-culture group, GS-MSLCs (2.5ⅹ10 5 ) were first isolated and seeded in 100-mm culture dishes containing MSC complete medium (Fig. 1E ). The next day, the culture medium was removed and cells were washed three times with PBS. gCSC complete medium containing 1.25ⅹ10 5 GFP-gCSCs were then added ( Fig. 1F ), and cells were incubated at 37˚C in a humidified 5% CO 2 incubator for 3 weeks. The medium was replaced with fresh gCSC complete medium every 3 days. After 3 weeks, GFP-gCSCs had adhered to GS-MSLCs at the bottom of the culture dish (Fig. 1G ). In the last step, GFP-gCSC monoculture ( Fig. 1D ) and GS-MSC co-culture ( Orthotopic glioma xenograft model. Male athymic nude mice (4-8-weeks-old; Central Laboratory Animal Inc., Seoul, Korea) were used for tumor xenograft experiments. Mice were housed in micro-isolator cages under sterile conditions and observed for at least 1 week before study initiation to ensure proper health. Temperature, lighting and humidity were controlled centrally. All experimental procedures were approved by Yonsei University College of Medicine Institutional Animal Care and Use Committee and the Catholic University of Korea College of Medicine Institutional Animal Care and Use Committee. Mice were anesthetized with a solution of Zoletil (30 mg/kg; Virbac Korea, Seoul, Korea) and xylazine (10 mg/kg; Bayer Korea, Seoul, Korea) delivered intraperitoneally. GFP-gCSCs (5x10 5 ) isolated from monoculture or gCSC/GS-MSLC co-culture groups were implanted into the right frontal lobe via a Hamilton syringe (Dongwoo Science Co., Seoul, Korea) inserted to a depth of 4.5 mm using a guide-screw system, as described previously (25) . Cells from each culture condition were simultaneously injected into 10 mice at a rate of 0.5 µl/min using a multiple micro-infusion syringe pump (Harvard Apparatus, Holliston, MA, USA). The body weights of mice were checked every other day. If body weight decreased by more than 15% compared to the original body weight, mice were euthanized according to the study protocol.
Tumor volume measurement. For comparison of the tumor volume, eight GFP-gCSC-injected mice (four each from monoculture and GS-MSLC co-culture groups) were sacrificed 40 days after injection. The brains were carefully removed and placed in 10% buffered formalin for fixation. The fixed brains were then cut axially every 2 mm and embedded in paraffin. Tumor volume was calculated by measuring the section with the largest tumor portion and applying the formula, length x width 2 x 0.5 (26, 27) .
Immunohistochemical analysis of PCNA, TUNEL and CD31. Paraffin-embedded tissues were immunostained for proliferating cell nuclear antigen (PCNA) and the endothelial cell-specific marker CD31 to evaluate tumor cell proliferation and microvessel density, respectively. Apoptosis was assessed using deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) assays. Tissue sections (4-6 µm thick) were mounted on silanized glass slides and dried overnight. The sections were deparaffinized using xylene, then treated with graded series of alcohol [100, 95 and 80% ethanol/ddH 2 O (vol/vol)] and rehydrated in PBS (pH 7.5). For PCNA immunostaining, sections were microwaved for 5 min in water followed by treatment with 3% H 2 O 2 in methanol for 5 min to block endogenous peroxidase. Slide-mounted slices were then incubated at 4˚C overnight with mouse, anti-PCNA primary antibody (1:100; Invitrogen Korea, Seoul, Korea) in and TUNEL was done as described previously (27, 28) .
Quantification of PCNA, TUNEL and CD31. PCNA and CD31 expression, and TUNEL staining were quantified by counting the numbers of positive cells in 20 randomly chosen fields at x400 (PCNA, TUNEL) or x200 (CD31) magnification. A single microvessel was defined as an individual cell or discrete cluster of CD31-positive cells. The presence of a lumen was not required for being scored as a microvessel.
Statistics. Data are expressed as means ± standard deviations. Survival of GFP-gCSC-implanted mice (from monoculture and GS-MSLC co-culture groups) was evaluated using the Kaplan-Meier method. Comparisons of cell counts, tumor volume and PCNA, TUNEL and CD31 staining were analyzed by Kruskal-Wallis test. All statistical analyses and graphing were performed using SPSS version 18.0KO software (SPSS Korea, Seoul, Korea).
Results
Sorting and counting GFP-gCSCs in vitro.
To analyze the effects of GS-MSLCs on the growth of gCSCs in vitro, we cultured GFP-gCSCs alone and together with GS-MSLCs for 3 weeks and counted the numbers of GFP-gCSCs under a fluorescence microscope using a hemocytometer. As shown in Fig. 2 , the number of GFP-gCSCs in the group co-cultured with GS-MSLCs (7.76±0.39x10 5 ) was significantly increased (~3-fold) compared to that in the GFP-gCSC monoculture group (2.62±0.44x10 5 ; p=0.002).
Survival of orthotopic xenograft model mice. To evaluate the effect of GS-MSLCs on in vivo tumor growth, we used an orthotopic xenograft mouse model of glioma. We first compared survival of nude mice cranially implanted with monocultured GFP-gCSCs (n=20) or GFP-gCSCs co-cultured with GS-MSLCs (n=7). As shown in Fig. 3 , average survival was significantly decreased in mice injected with GFP-gCSCs co-cultured with GS-MSLCs compared with mice injected with monocultured GFP-gCSCs (37.3±1.3 vs. 43.5±1.0 days; p=0.002, log-rank test). No mice implanted with monocultured GFP-gCSCs showed a shorter survival than mice implanted with GFP-gCSCs co-cultured with GS-MSLCs.
Tumor volumes in orthotopic xenograft model mice. Four mice from each GFP-gCSC-implanted group (monoculture and GS-MSLC co-culture) were used to study the effects of GS-MSLCs on the rate and size of gCSC tumor growth in vivo. On day 40 after GFP-gCSCs injection, mouse brains were carefully removed and tumor volumes were measured. Consistent with the survival data, tumors in mice implanted with GFP-gCSCs from GS-MSLC co-cultures were larger in both dimensions (length and width) than those from mice implanted with monocultured GFP-gCSCs (Fig. 4) . As shown in Fig. 5 , average brain tumor volumes, calculated as described in Materials and methods, were significantly greater in mice implanted with GFP-gCSCs co-cultured with GS-MSLCs (80.58±31.29 mm 3 ) than in those implanted with GFP-gCSCs cultured alone (42±4 mm 3 ; p=0.025). These data indicate that tumor formation and growth were more rapid in mice injected with GFP-gCSCs co-cultured with GS-MSLCs.
Immunohistochemical analysis of PCNA, TUNEL and CD31.
To investigate the biochemical mechanism underlying the in vivo effects of gCSC/GS-MSLC co-culture, we examined tumor cell proliferation (PCNA), apoptosis (TUNEL) and microvessel formation (CD31) using immunohistochemistry (Fig. 6A) . The eight mice used for measuring tumor volume were used for these analyses. The number of PCNA-positive cells, an indicator of the rate of proliferation, was not significantly different between tumors formed by GFP-gCSCs cultured alone (410±120) and GFP-gCSCs co-cultured with GS-MSLC (380±40; Fig. 6B ). The number of TUNEL-positive tumor cells, indicative of apoptosis, was also statistically indistinguishable between GFP-gCSCs cultured alone (151±36.2) and those co-cultured with GS-MSLCs (222±84.6; Fig. 6C ). In contrast, the expression of CD31, an indicator of tumor microvessels, was approximately 2.5-fold higher in tumors formed by GFP-gCSCs from GS-MSLC co-cultures (350±50) than in those formed from GFP-gCSCs monocultures (140±20; p=0.016; Fig. 6D ), suggesting increased tumor microvessel density. Collectively, these data imply that co-culture with GS-MSLCs increases the angiogenesis capacity of gCSCs.
Discussion
In this study, we tested the effects of GS-MSLCs on tumor growth by specifically examining how GS-MSLCs in the tumor microenvironment influence the biological properties of gCSCs. We found that co-culture with GS-MSLCs increased the aggressiveness of gCSCs, as evidenced by their increased cell numbers in vitro, reduced survival of mice orthotopically xenografted, and increased microvessel density in tumors formed from them. Our findings suggest that GS-MSLCs influence the properties of gCSCs, shifting them towards a more aggressive state. Moreover, angiogenesis may be a pivotal part of this mechanism.
Our immunohistochemistry data showed increased CD31 expression in GFP-gCSCs after co-culturing with GS-MSLCs, suggesting increased vessel formation. Since angiogenesis is a hallmark of tumor progression, we believe that, by enhancing the angiogenic capacity of gCSCs, GS-MSLCs might have contributed to the more rapid and extensive tumor growth in mice implanted with GFP-gCSCs co-cultured with GS-MSLCs (Figs. 5 and 6 ). The increased number of GFP-gCSCs in co-cultures of gCSCs and GS-MSLCs in vitro (Fig. 2) suggested the possibility that a mechanism involving increased cell proliferation and/or decreased cell death also contributed to the more aggressive tumor phenotype. Although the level of proliferation (PCNA expression) showed a higher trend in tumors formed by GFP-gCSCs obtained from GS-MSLC co-cultures, and apoptosis (TUNEL staining) lower trends that would be consistent with the in vitro data-these differences did not reach statistical significance (Fig. 6B and C) . Thus, angiogenesis appears to play a critical role in creating a supportive environment for gCSCs and tumor growth (Fig. 6D) , other mechanisms may also contribute. Whether a different experimental design and larger sample size might establish a significant role for proliferation and/or apoptosis, or whether some entirely different mechanism is involved, are questions currently under investigation in our laboratory.
Our data strongly argue that GS-MSLCs favorably influence the growth of glioma; however, not all literature reports are in agreement on this point. Qiao et al reported that human MSCs inhibit the proliferation and colony-forming ability of human cancer cell lines (29); a similar antitumoral role of MSCs was also observed in Kaposi's sarcomas (30) and colon carcinoma in rats (31) . Furthermore, contrary to our data, Nakamura et al reported that rat MSCs inhibit the growth of 9L glioma cells both in vitro and in vivo and increase the survival of 9L glioma-bearing rats (32) . An important point that sets our experiments apart from these data is that we used GS-MSLCs isolated from that GBM stroma, not normal MSCs from a normal organ. We think that it is possible that MSCs in a tumor may be re-programmed or otherwise altered by the tumor microenvironment, changing their characteristics to those that favor tumor growth.
While some researchers have argued that MSCs negatively impact tumor growth, numerous researchers have reported experiments supporting the tumor growth-enhancing role of MSCs. It has been speculated that, by secreting cytokines that mediate angiogenesis and immunosuppressive effects in tumor sites, MSCs provide a stem cell niche that facilitates tumor progression (33) (34) (35) (36) . In a paper on the suppressive role of MSCs in hematopoietic and non-hematopoietic tumor cells in vitro, Ramasamy et al also demonstrated that co-injection of MSCs with tumor cells resulted in more rapid in vivo tumor growth (37) . Tumor cell-protecting and growth-promoting roles of MSCs have also been observed in many other cancers, including melanoma (15, 38) , breast cancer (39), myeloid leukemia (40) and colon cancer (41) . Furthermore, MSCs have also been shown to stimulate metastasis of breast cancer (6) and play a role in the drug resistance of leukemia cells (42) (43) (44) .
Despite our data and other evidence suggesting tumor progression-enhancing role for the MSCs and MSLCs, negative results on this phenomenon are not readily dismissed. The reasons for these discrepancies are not fully understood, but Sasser et al (45) and Karnoub et al (6) have proposed that the genetic background of tumor cells may be a key determinant in the MSCs-tumor relationship. Specifically, Sasser et al reported that an MSC paracrine factor enhanced the growth of estrogen receptor-α (ERα)-positive breast cancer, but had no or a substantially diminished effect on ERα-negative breast cancer (45) . Similarly, Karnoub et al found that MSCs only accelerated the growth of ERα-positive, but not ERα-negative, tumor xenografts in mouse skin (6) . Although the mechanism underlying this apparent duality of MSL/MSLC effects remains to be elucidated, it is clear that the MSCs or MSLCs microenvironment is a double-edged sword capable of exacerbating cancer by stimulating its progression, metastasis, and resistance to drugs (46) .
Mesenchymal fibroblasts within solid tumors, referred to as activated fibroblasts or carcinoma-associated fibroblasts (CAFs), serve as indirect evidence supporting tumor-promoting role of MSCs or MSLCs. Although the origin and biology of CAFs are not completely defined, the fact that CAFs and MSCs share common surface markers and exhibit similar functions implies that they may originate from the same progenitor cell (47, 48) or that MSCs may differentiate into CAFs in a tumor context (41, (49) (50) (51) . The hypothesis that MSCs transition into CAFs within a tumor environment is supported by a study by Shinagawa et al (41) . These authors observed MSCs moving towards the stroma of colon cancer tumors and differentiating into CAFs, and thereby promoting angiogenesis, tumor growth, migration, invasion, and metastasis. Considerable additional experimental evidence has definitively shown that CAFs play a role in the progression towards an aggressive phenotype in various cancers (52) (53) (54) (55) (56) . Although these results do not unambiguously establish that MSCs differentiate into CAFs, they strongly suggest that MSCs and CAFs are closely associated and indicate that CAFs might participate in the mechanism by which MSCs modulate the tumor microenvironment. The possibility that GS-MSLCs may also interact with CAFs in glioma microenvironment suggested by these reports is currently under investigation in our laboratory.
In our experiments, gCSCs and GS-MSLCs were in direct contact when co-cultured, allowing bidirectional crosstalk between them. Karnoub et al have also pointed out that the increase in the metastatic potency of tumor cells induced by MSCs requires that the two cell types be in direct contact (6) . This phenomenon is consistent with the current understanding that MSCs interact with tumor cells by direct contact and though paracrine factors. Tumor cells secrete cytokines that attract MSCs to the tumor stroma and MSCs release cytokines, matrix-degrading enzymes, and immunomodulatory factors that regulate tumor growth, invasion and metastasis (5, 6, 57) . We believe that the direct contact between MSCs or MSLCs and gCSCs in our experimentational setting mimics that of the in vivo tumor microenvironment. In fact gCSCs (22, 58) and GS-MSLCs (12,13) both reside within vascular niches in gliomas. Although we are not yet certain whether GS-MSLCs and normal MSCs share the same functions and interact with gCSCs in the same manner, the fact that they reside in the same site strengthens the possibility for cross-talk between gCSCs and GS-MSLCs through direct contact and paracrine factors.
The tumor-homing characteristics of MSCs have led many researchers to investigate the potential of MSCs as targeted delivery vehicles for cancer therapy (59, 60) . The results of our experiments, however, offer a cautionary tale. Although normal MSCs and GS-MSLCs are not identical, our demonstration that co-culture with GS-MSLCs increases gCSC cell numbers in vitro, reduces the survival of mice injected with gCSCs co-cultured with GS-MSLCs, and increases tumor volume and vessel formation in the tumors of these mice warns of the potential dangers of MSC-gCSC interactions. These concerns notwithstanding, MSCs still have great potential as a therapeutic tool in cancer, but more likely as a therapeutic target rather than as a targeted-delivery vehicle. MSCs are known to affects the biological characteristics of cancer by three mechanisms: i) production of growth factors, cytokines, and immunomodulatory factors that favor tumor progression; ii) formation of a cancer stem cell niche that facilitates the growth of cancer stem cells; and iii) differentiation into other stromal cells, such as CAFs. Our data further suggest that GS-MSLCs may even shift the biological property of cancer stem cells toward a more malignant phenotype. Although it is clear that considerable additional study will be required before this mechanism is completely understood and can be applied clinically, GS-MSLCs and their interactions with tumor cells are a promising new target in cancer therapy.
In conclusion, we found that GS-MSLCs, as a component of the tumor microenvironment, significantly change the biological properties of gCSCs. Co-culture with GS-MSLCs increased the aggressiveness of gCSCs, as evidenced by elevated cell counts in vitro, shortened survival time in orthotopic xenograft mouse models, and increased tumor volume and vessel formation in vivo. Moreover, from the increased expression of the endothelial cell marker CD31, we infer that GS-MSLCs positively influence tumor growth by enhancing the angiogenic capacity of gCSCs. The next step is to clarify the exact mechanism underlying the supportive relationship between GS-MSLCs and gCSCs. These experiments are currently underway in our laboratory.
